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RESEARCH MEMORANDUM

EFFECTS OF COMBINING AUXILIARY BLEED WITH EJECTOR PUMPING
ON THE POWER REQUIREMENTS AND TEST.-SECTION FLOW
OF AN 8-INCH BY 8-INCHE SLOTTED TUNNEL

By B. H. Little, Jr., and James M. Cubbage, Jr.
SUMMARY

An investigation was made to determine the effects of combining
auxiliary bleed with ejector pumping on the power requirements and test-
section flow of an 8-inch by 8-inch slotted tunnel. The development of
thls tunnel for operation with ejection alone is described in NACA
RM L55B08. The present investigation covered a Mach number range from
0.9 to 1.3 at corresponding Reynolds numbers from 11 x 106 to 18 x 106
per foot.

The effects of bleed were generelly dependent upon the ejector~- or
slot-flow reentry-section configuretion of the tunnel. The flow in the
upstream part of the test section was not significantly affected by the
use of auxiliary bleed, but in the downstream part of the test section,
the Mach number distributions were adversely affected by auxiliary bleed
with slot-flow reentry flaps 1 tunnel height in length. Reducing the
flap length to about one-half the tunnel height relieved this condition.

The use of bleed reduced the diffuser-inlet Mach number end improved
the diffuser-inlet boundary-layer velocity distribution so that overall
tunnel pressure losses were reduced. The short-flap configuration, which
was the poorer ejector configuration and required more power without
bleed, benefited more by the use of bleed than did the long-flap config-
uration. In both configurstions, however, the total power reduction was
limited to the point at which TGhe power required to handle the bleed flow
equaled the power gained by reducing tunnel pressure losses.

Although, for the short flaps, minimum power was required by using
minimm ejection and maximum bleed and, for the long flaps, by combining
some ejection with relatively small quantities of bleed, the differences
in minimum power requirements for the two configurations were negligible.
The position of the slot-flow-reentry flaps was important for maximum
ejector efficiency.
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INTRODUCTTON

For equal Mach numbers, pressure losses ere conslderably highker for
slotted tumnnels than for solid-wall tumnnels. In slotted tunnels which
operate on tre ejector principle - using %he energy of the main stream
at the end cf the test section to purp the slot flow into the diffuser
inlet - mach of the oversll tunnel pressure loss mey be attributed to
the ejector and to the detrimental effects of this low-energy slot flow
on the diffuser performance. These facts are demonstrated in refer-
ence 1 where the distribution of losses through an ejector-type tunnsl
is shown and in reference 2 where diffuser performance in a slotted-
tunnel circultc is compared with the performance of the same diffuser with
e good inlet flow produced by a contraciing inlet bell. The experimental
evidence indicates that 1t is necessery to make a carefuvl analysis of
metnods of returning slot flow to the main stream before slotted-tunnel
losses can be minimized.

In wany cases of slotted-tunnel operation, some or all of the slot
£flow has been removed from the test-section vlenum chember by means of
auxiliary bleed pumps. Not only does this method permit increasing the
¥ack number without increasing the main drive power, but also it offers
the possibility of lower total-power requirements than could be cbtained
by using ejection alone. In reference 3 for a slobtted tunnel and refer-
ence 4 for a verforated-wall tunnel, power calculations based on diffuser-
exit static pressure and the setbling-charber total pressure indicate
tnat substantia®l reductions In total-power requirements can be obtained
by using bleed in coribination with ejection. The same conclusions were
reached 1n reference 5 for another perforated-wall tunnel. The effects
of using large smounts of bleed on slobted-~test-section Mach number dis-
tributions have not been pointed out in any of the avallable references,
however, and it is »ot known whether the use of bleed in established
slotted tunnels will affect the test-region flow.

Tre purpose of this investigstion was to determine experimentally
the efflects of auxiliary bleed on test-section Mach number distributions
in a slotted tunnel and to measure the power requirements of that Hunnel
for various corbinzstions of bleed flow and ejector pumwing. The slotted
tummel used in this investigetion had an 8-inch by 8-inch test section
and a 6.4° conical diffuser. Two ejector configurations were used.

Local Mach numbers along the test-sectlon center line and mean total-
pressure measurements at the dlffuser exlt are presented for test-section
Mech nunbers from gbout 0.9 to 1. 3 at corresponding Reynclds nurbers from

sbout 11 x 10° per foct to 18 x 106 per foot.



NACA BM L5525 A,

SYMBOL:S

aq veloclty of sound at reference total temperature

A% cross-sectional area at tunnel throst (61.2 sq in.)

o} total periphery of test section

h height of test section at tummel throat (8 in.)

Ho reference total pressure

ﬁ; mean total pressure at diffuser exit

AHI difference in tcotal pressure from tunnel entrance cone to
é¢iffuser exit, Hy - Hg

L length of slot-opening taper

m mass flow

m' bleed mass flow

M Mz.ch number

M.c Mach number computed by using P, and Ho

n nmurtber of slots per wall

Do static pressure in test-section plerum chamber

Ty reference total temperature

v free-stresm veloclity

Wy width of untapered portion of slot

Op flap-vosition angl

o] free-stream density

Po density at pressure H, and temperature T,
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ratio of specific heats (1.40 for air)

R gas constant
APPARATUS AND METHODS

The slotted tunnel used in this investigation is shown in figure 1.
The development of this tunnel and its performance characteristics
without auxiliary bleed were described in reference 2., The 8-inch by
8-inch test section is slotted on two opposite walls. Corner fillets
reduce the cross-sectional ares to 6l.2 square inches at the tummel
throat. In each slotted wall are three slots, the width of the slots
being such that the nunber of slots for a single wall n +times the slot
wldth wg divided by one-fourtk the test-~section periphery C is

nv
—75 %. From the ‘tunnel throat, the slots open with a straight taper
C

1/2 tunnel height in length; the slot width thereafter is maintained con-
stant for 1% or 2 tunnel heights, depending upon the ejector configura-

tion. Tne two ejector configuretions used in this investigation were
the long-flap and the short-flep configurations shown in figure 2 and
described in detall in reference 2. The basic differences between these
configurations weret Filrst, the leading edge of the long flap extended

forward 8% Inckes fror the end of the slotted floors and the short flaps

3% inches from the same reference; second, since the slotted-wall plates

egan to taper or boattail at the flap leading edge, the boattalls also

were 8? and 3% inches long, respectively; and third, the slot lengths were
4

also varied by the same amounts since the start of the boattall deter-
mwined the end of the constant-width slot. The flaps were hinged at the
tralling edge so that the flap leading =dge and angle relative to the
flow controlled the ejector pumping. The flep positions used for these
tests are indicated in figure 2. The flap-position angle was measured
from the most closed position of the flap which, for the long flaps, was
determined when the leading edge mede conbtact with the slotted-wall
plates and for the short flaps vhen the leading edge made contact with
the corner-fillet Inserts.

Since the slot-flow reentry flaps were outboard of the slotted walls,
the cross-sectional shape at the end of the test section wes rectangular
rather than sguare with an area 1.16 times the tunnel-throat area. The
transition section faired into the flap upper surface and, in a length of
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about 11 inches, performed the geometric conversion to a circle at the
diffuser inlet. The aree increased slightly through the transition
section o 1.19 times the tunnel-throat area at the diffuser inlet.

The diffuser had an included conical angle of 6.4° and a ratio of
exit area to inlet area of 2.4. The elbow following the diffuser was
designed to simulate the first corner of a closed-circult tunnel. A1l
of the tunnel components are described in more detall in reference 2.

The flow circult through the tummel is shown In figure 3. Air was
supplied by multistage centrifugal compressors capable of delivering a
meximum air flow of 60 1b/sec at pressures up to 50 1b/sq in. abs. The
stagnation temperature was varieble but was generelly set et sbout 150° F
or whatever higher velue was necessery to avoid visible condensation in
the test section. The circuit was of the nonreturn type exhausting to
atmosphere, but a butterfly valve in the exhaust ducting controlled the
back pressure of the diffuser. BSince no auxiliary pumps were available,
it was necessary that the diffuser back pressure be high enough o main-
tain the test section at a pressure greater than atmospheric pressure in
order that air could be bled from the test section. The auxiliary bleed
flow pessed from the test-section plenum chambers, outboard of the
slotted walls, inbo the bleed manifolds. From the manifolds, approach
pipes led o venturi meters by which the flow was measured. Downstream
of the venturi meters were butterfly valves which controlled the bleed
flow. These bleed systems - manifolds, approach pipes, venturi meters,
and butterfly valves - were calibrated as complete assemblies,

A static-pressure survey tube (shown in fig. 1) was used to cobtain
static-pressure distributions along the center line through the test
section. This tube extended through the diffuser and tunnel elbow and
was driven by a friction drive mounted outside the elbow. For some of
the surveys, the static pressure was read on a U-tube manometer at each
survey-tube position. Later, this system was modified so that continu-
ous measurements of static pressure and position were recorded simulta-
neously on a two-variable recorder.

The reference Mach number M, was computed from the static pressure
in the slot-flow plenum chambers p, and the reference total pres-
sure H,. It was shown in reference 2 that this Mach number is a good
indication of the average test-section Mach nunber. '

Total-pressure surveys were made at the inlet and exit stations of
the diffuser by using rakes mounted from the elbow which could be rotated
through 360°. The exit-station rake is shown in flgure 1 and the inlet-
station rake is of similar construction. These rakes were connected %o
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multitube manometer boards. Pressure surveys were made across elght
o
dismeters 22% apart for each test point. These mesasurements were then

mass-weighted as described in reference 2 to cobtain the mean total
pressure.,

Some of the date ere presented in the form of total-horsepower
megsurements. The total horsepower is defined as the sum of the power
required to compress isentropically the slot-flow air from the pres-
sure P, to the reference stagnation pressure H, and the power required

to compress the main-sitream air from the pressure H, measured at the
diffuser exit to Hgy; that is,

7-1 -1
m!RT H)\ 7 - m')RT HE\ 7
HPioy = ——2 —L -2 Y n_1)° z (B 7 _
520 7 - 1 |\Pc 50  7-1 |\E

To obtaln a standard horsepower term this expression was actuslly used
in the form:

i =
7-1
Teot _ R _7 ov_\ 7_'11r_1_‘M2+f1_111_'_)fH_07-1
A*E TS 550 7 - L\Po2o)y, , of 2 B © \7om/\Eg

In using this relationship the bleed eir is assumed to be at rest at
oressure P, and any kinebic energy it possesses is neglected. The duct

losses involved in returning bleed and mainstream air to the tunnel
settling chamber have also been neglected.

RESULTS AND DISCUSSION

The effects of auxiliarj bleed on test-section Mach number Me.-
The effects of auxiliary bleed on test-section Mach number M. are shown
in figures 4(s) and 4(b). The curves of figure 4(a) represent the basic
experimental date obtained by holding total pressure constant and starting
to bleed at three different M, values (at each flap position) which were

set by adjusting the tunnel back-pressure valve. As bleed was increased
and M. increased, the tunnel pressure losses also increased and the mean

total pressure at the diffuser exit ﬁ;- decreased. Thus the curves of
figure 4(a) represent lines along which the tunnel pressure ratio Hb/He

incressed with increasing bleed. The changes in M, with bleed would not
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be so great as shown in figure 4(a) for wind tunnels in which the
ratio Hgy/H, rmust be held constant. To demonstrate this, the basic-

data curves of figure 4(a) have been adjusted by using the total-
pressure-loss measurements to calculate the variation of M, with m'/m

at constant velues of Hb/Hé. These adjusted curves are plotted in
figure 4(b).
If en initial Mach number of 1.0 is assumed, an expression for sub-

sequent Mach nurbers, as air is bled from the test section, can readily
be derived from one-dimensional theory as:

(), 08
(l+1_;_ll“1c2)3 (p°a°)M=1_.o *

The curve representing this relation is also shown in figure 4(b) in the
vlot for Bp = 0°. The theoretical curve has a high rete of increase

of M, with m'/m near M, = 1.0 with a graduélly decreasing slope at

higher Mach numbers. The experimental curves of figure %(b) have the
same general shape, bub, because in practice the boundary leyer through
the test section must be removed, the increase in M, with m'/m is
not so great as the theory predicts. There is no significant variation
in curve shape between long and short flaps or between flap positions in
either configuration.

Effect of 'auxiliary bleed on test-section Mach number distributions.-
Mach number distributions along the tunnel center line for the long- and
short-flap configurations at flap angles ®y of 09 5°, and 10° are pre-

sented in figures 5 and 6, and a comparison of long end short flaps at
5p = 100 with bleed is shown in figure 7. In addition to the value of

M, labeled for each distribution, the values of bleed flow rates m'/m

at which the distribubions were ocbtained are also shown. The bleed flow
rate indicated for a particular value of M, represents the maximm

amount obtained for thet value of M,. It is felt, therefore, that this

condition reveals the greatest effect of bleed flow upon the Mach number
distributions that would ordinerily be encountered. For ease of compar-
ison of the present data with data from reference 2, the Mach number dis~
trivutions from that reference, for the ldentical slot and flep config-
urations without bleed flow, have been superimposed on the distributions
of figures 5 and 6. Plan views of the slot are shown in figures 5, 6,
and T to facilitate orientation of the distributions with respect to the

< -
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slot. The distributions of figure 6 were obtained by use of the two-
variable continuous-recording potentiometer. The data points of figure 5,
which were obtained by use of the U-tube manometer, have been omitted in
figure T to clarify the comparisons between configurations.

The faster response of the recording potentiometer reveeled smaller
variations than could be picked up by the manometer system, and the con-
tiruous trace revesled peaks in the curves that were missed in the point
selection of tiae manually read data. Therefore, the automatically
recorded distributions sppear to be somewhat more irreguler than those
that were manually read. Whlle neither configuration produced test-
region flows of the high quality desired for model testing, the distribu-~
tions could be irmproved by modlfying the slots in the opening-taper
region (as was done in ref. 6) so that the flows would be satisfactory.
It was not considered necesssary that such refinements be made for these
tests since the objective was to determine the major effects of bleed on
the test-section flow,

In the long-flap configuration for &y = 0° (fig. 5(a)) the use of

bleed insteed ofi ejection had no effect on the Mach number distributlons
excevt on the downstream part of the flaps. The effects in this region
had 1little, 1f any, Influence on the test-region flow. The distributions
for B&p = 5° and 10° (figs. 5(b) and (c)), however, which were the best

flap positions for the no-bleed case, were considersbly affected where
bleed was used. It can be seen in both figure 5(b) and 5(c) thet at all

supersonic Mach nurnbers the flow choked at a point about lﬁ-inches dowvn-

stream of the flap leading edge. At the higher Mach numbers (M, > 1.20)
the deceleration preceding this choke point started as far as 3 inches
upstream of the flaps with the result that the reglion of uniform flow
was considerably shortened.

Inspection of figure 6 shows that auxiliary bleed flow had no sig-
nificant effect on the uniformity of the test-section flow or the useble
test-section length for the short-iflap conflguratlion over the Mach number
range investigsted. The 1Intial rate of expension of the flow and the
amount of its overexpansion is slightly grester for the no-bleed case than
for the bleed case.

The long- and short-flap configurations with suxilisry bleed flow
are compared in figure 7 at &y = 10°, Although, as previously mentloned,

neither configuration produced entirely satisfactory test-region flow,
the data show the short flaps to be superior to the long flaps for all
values of M, > 1.0 meinly because of choking of the tunnel with the

long-flap configuration.
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Effects of bleed on diffuser-inlet flow.~ Some pressure distribu~
tions were measured at the diffuser-inlet cross section from which Mach
number contours were computed. In figure 8, for both the long- and
short-flap configurations, contours are shown for a test-section Mach
number M. of 1.15 obbtalned at three different rates of bleed. Going

from practically no bleed (EF-: 0.003) to gbout 3-percent bleed

m
is reduced. It can be seen in reference 2 that for Mach numbers around
1.0, a small reduction in the mean inlet Mech nuwmber of the diffuser
reduces the total-pressure losses considerably. Bleed also improves
diffuser performance as a result of removing the low-energy boundary-
layer eir behind the slots, but it is impossible from the data available
to judge the amount thet this contributes to the overall eifect.

GEL = 0.03), The main effect is seen to be that the maximum Mach number

Effects of bleed on tunnel total-pressure loss.- The effects of
bleed on tne tunnel total-pressure-loss ratio AHp/H, are shown for the

long fleps in figure 9 and for the short flaps in figure 10. From fig-

ure 4, lines of constant bleed rate (dashed lines) have been plotted in
these figures. The zero-bleed-flow lines were obtained from reference 2.
The solid lines represent the actuel experimental curves which show the
effect of Aip/H, increesing, and, therefore, H,/H, increasing, as

m'/m is increased. In examining the curves of figures 9 and 10, it
should be pointed out that these curves show only the tunnel pressure
losses and give no indication of the power required to operate the bleed
system. All the parts of figures 9 and 10 show generally the same type
of curves. The use of bleed always shifits the performence curves in a
favoreble direction. The amount that the curves are shifted varies with
flep position and configuration, but comparisons can more easily be made
in cross plots of these figures.

In figures 11(a) and (b) for the long and short flaps, respectively,
the data of figures 9 and 10 are replotted to show the variation of
AET/HO with m'/m at constant Mech numbers. Zero-bleed points could

not be obtained for some of the curves (for example, ®p = 0° at
M. = 1.2, and 8y = 0° and 5° at M, = 1.3 in figure 1i(a)) because the

tunnel choked at those Mach numbers unless bleed was used. Proper evalua-
tion of the various configurations reletive to each obther can readily be
made in these figures because for any particular combination of M, and

m'/m the power required for bleed is constant.

For the long-flap configuration (fig. 11(a)), it can be seen that
£y fH, decreases continuously as m'/m increases. The rate of decrease
in AMHq/H,, however, is greatest at small velues of m'/m and large
values of M, and the rate diminishes as M, decreases and as n'/m
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increases. The exceptlon to tkils 1s that for cases where bleed is
alleviating a choked condition large reductions in AHp/H, are always

obtained with bleed as, for example, is the case for M, = 1.3, 8y = 0°.
At M, values up to and including 1.2 the flap vosition Bp = 50 gives

substantially better performance than the other flap positions at all
values of m'/m, ard it was shown in reference 3 that for zero bleed
o = 5° was the best position at these Mach numbers. This Bp = 50

configuration begins to choke at about M, > 1.2, however, and at low
values of m'/m a value for M, = 1.3 camnot be reached; therefore, the
flap position Bp = 10° is best at values of m'/m< 0.0% eand

Op = 50 is best at m‘/m > 0.0k. At all Mach numbers shown in fig-

ure 11(a), the curve for 3 = 0% starts et a highk value of AHT/HO at

the low rates of bleed but, with increasing bleed, crosses over the
curves for other flap positions, so that 1t appears possible that at
bleed rates greater than those obtained in these tests the best flap
vosition might be 5 = 0°.

For the short-flap configuration (fig. 11(b)}) the variation of
AHE/HO wilth m'/m is similer to that for the long-flep configuration.

At M, = 1.30, however, all flap positions are choked without some bleed

flow. There is less variatlon of performwance with flep position than
occurred for the long-flap configurastion but the general results are the
same. The curve for B = 0°, however, does cormpletely cross over the

other curves so that b = 0% is the best flap position at the higher
bleed rates measured.

Envelope curves from figures 11(a) and 11(b) are plotted in fig-
ure 12 to corpare the best curves of long- and short-flap configurations
vhen flap position is varisble. Without bleed (E; = O) the long flep

forms the better ejector and therefore AHT/HO is lower. At low Mach

numbers, the short-flap-configuration performance equals and surpasses
that of the long-flap configuration as bleed is started. As M,

increases, more and more bleed 1s required to reach this crossover where
the short flap becomes the better configuration. At M. = 1.5 this

point was not reached within the scope of these tests bub the curves are
gradually converging at the highest bleed Zlow rates measured.

It cen be seen in figure 12 that at low Mach numbers (Mﬁ < l.l)

with e smell amount of bleed the configuration with less ejector pumping
(short flaps) performs as well as the confilguration with more ejector
pumping. Above M, = l.l, however, increasingly larger amounts of bleed
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are required for good performance without a good ejector. At M, = 1.3,
the differences between total-pressure loss with and without ejector

)y

punping are considerable umless it is possible to bleed more than
5 percent of the mainstream flow.

Effects of flep position on bleed requirements.- The effect of flap
position on bleed requirements is shown in Zigure 15(a) for the long
fleps and in figure 13(b) for the short flaps. The curves plotted show
for a constant M, the amount of bleed required as dp changes when
the ratio of stagnation total pressure to diffuser-exit tobtal pressure
is constant. The effects of flep position are quite pronounced for the
long fleps. For every Mach number and pressure ratio, there 1s a well-
defined optimum value of By where minimum bleed is required. When Sp

is less than thls optimum value, the flaps are not open enough to take
advantage of the pumping that the ejector is able to furnish, and when
8p 1s greater than this optimum value, there is a strong possibility

that air 1s flowing from the diffuser inlet back over the fleps into the
test-section plenum chamber. This back flow would be more likely +to
occur at low tobtal-pressure ratios where the pressures at the dlffuser
inlet are high relative to the total pressure H, and to the plenum-

chember pressure Dp., and 1t can be seen in figure 13(a) that the increase
in m'/m with ©®p, when B&p is greater tham the optimum value, is much

more pronounced at the lower total-pressure ratios. The reason for the
peek in these curves at about &p = 15° and the decrease in m'/m with

increasing %y thereafter is not clearly understood but the same trends
were observed in reference 3. In general, the optimum value of op
increases with increasing HQ/E;- and decreasing m'/m. This is most
evident at M, = L.30 but the same trend exists at the other Mach

numbers.

The effects of the short flaps on bleed requirements (fig. 13(b})
ere similar ©to but not so great as for the long flebs. There are the
same increases in m'/m with increasing &y beyond the optimum that

indicate less ejector pumping and there is also the same trend that was
observed with the long fleps for the optimum flap angle to increase with
decreasing mf/m. There is not nearly so much difference between best
and worst short-flap position as for the long-flap position because the
short-flap configuration doces not function nearly so well as an ejector.

Total horsepower with auxilliary bleed.- In figure 14, envelope curves
HP:
of the total air horsepower factor —-—ES:— are plotted ageinst m'/m
A*Hb/To
for the long and short flaps at different Mach numbers. These curves
represent the same data presented in figure 12. Significant reductions
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in total horsepower with bleed were experienced by both long- and short-
flap configurstions, and since the short-flap configuration was not so
efficient without bleed as the long-flap configurstion, greater gsins
were obtained with the shkort flaps. However, the minimum total horse-
power Tor the optimum amount of bleed flow is about the same for both
configuretions with the long flaps slightly better at the highest Meach
numbers. The increase in horsepower with increasing bleed beyond a
certain amount can probably be attributed to the fact that the diffusexr
efficiency is no longer improving and the kinetlc energy of the bleed
air has been neglected in the power eguation.

In figure 15, total-horsepower factor is plotted agalnst M, for

the different flap vpositions of both long- and saort-~ilsp configurations.
The different curves at each flep position represent different values of
total-pressure ratio Hb/Hé. It can be seen that for every ejector con-
figurstion tested a higher Maca number could be reacked with less power
by using bleed than by raising the mainstream power (represented by the
solid lire). The crossing over of the bleed curves for the long flaps
probably occurs when the kinetic energy of the bleed flow which is neg-
lected in +the power ecuation outwelghs the increasing diffuser efficiency.
For the short flaps, the curves with bleed tend to converge to almost a
single line regardless of where bleed 1is started, and for best overall
results bleed should probably be started et the lowest value of Ho/ﬁg
shown. The problem of where to start bleed 1s not too important as long
as enough bleed is used at the design Mach number for operation on the
steep-slope portion of the curves, or line of convergence; for example,

if it is desired to operate at M, = 1.2 with the short flaps at Bp = 5°,

it is not too important whether bleed is started at H,/He = 1.09 or
1.12 but 1t is irwortant that bleed be started at Hy/He = 1.12 rather
then 1.16 or a higher velue.

o HPiot . .

In figure 16, ——==2-. 1s plotted against M, for the best oper-

A*HOVTO

ating conditions of the long and short flaps. For the long flaps, an
envelope curve for 3y = 50 was chosen and for the short Zlaps an
envelope curve for ©O&p = 0° was used, with both curves starting at
Hofﬁe = 1.09. These choices were based on thne results shown in fig-

ures 11(a) and 11(b). The most obvious result is thet for the best oper-
ating conditions in either configuretlon there is little difference in
power required. It should be borne in mind, however, that these optimum-
condition curves are basicelly different in nature, for in the long-ilisap
configuration which functions well as an ejector, the optimum was reached
with some ejector »umping end moderete amounts of bleed (§¥.< o,oh),
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whereas in the short-flap configuration which i1s not a good ejector the
optimum was reached by using minimmm ejector pumping and large amounts
of bleed.

CONCLUSIONS

An investigation of the effects of slot-flow removal by meens of
auxiliary pumping or bleed on the itest-section flow and power character-
istics of an 8-inch by 8~-inch slotted tunnel has led to the following
conclusions:

1. The region of supersonic-flow deceleration at the end of the
slots was extended forward when bleed was used with slot-flow reentry
flaps which were about 1 tunnel height in length; this extension reduced
the available test region length considerably at the higher Mach numbers.
Reducing the flap length to about 1/2 tunnel height relieved this condi-
tion. No other significent effects of bleed on the center-line Mach num-
ber distribution were observed.

2. The use of euxiliary bleed reduced the diffuser-inlet Mach number
and improved the inlet boundary-layer veloclty dlstributions. These
effects combined to reduce diffuser and thereby overall tunnel pressure
losses.

3. Total-power requirements decreased with increasing bleed flow to
the point where the power required to handle the bleed flow was equal to
the power saved through improved diffuser performance. The quentity of
bleed required to reach the minimum-power point wss dependent upon Mach
nurber and ejector configuration, but the minimum-power point was always
reached with a bleed flow less than 6 percent of the mainstream mass flow.

L, The reduction of tunnel pressure loss with bleed depended pri-
marily upon the ejector characteristics of the tunnel which were affected
by flap configuration and flap position. The short-flap coniiguration,
which was the poorer ejector, gained considerably more in performance
from the use of bleed than did the long-flep configuration.
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5. Although, for the short flaps, minimrc total power was reguired
by using minimum ejector pumping and maximum bleed and, for the long
flaps, by combining sore ejector pumping with relatively small quan-
titles of bleed, the differences in minimum total-power requirements
for the two configurations were negligible.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., May 6, 1955.
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